. The first documented cleft-lip repair involved simple freshening and approximation of the cut cleft edges, followed by the use of curved incisions to allow lengthening of the lip 2 . Straight-line closure repairs were used in the early ORIGINAL ARTICLE Wasiu L. Adeyemo Department of Oral and Maxillofacial Surgery, College of Medicine, University of Lagos, Akoka-Yaba, Lagos 101014, Nigeria TEL: +234-8023115885 E-mail: lanreadeyemo@yahoo.com ORCID: http://orcid.org/0000-0002-0257-7853 This was a prospective randomized controlled study conducted at the Lagos University Teaching Hospital between January 2013 and July 2014. A total of 48 subjects with UCL presenting for primary surgery and who satisfied the inclusion criteria were recruited for the study. The subjects were randomly allocated into two surgical groups through balloting. Group A underwent cleft repair with the Tennison-Randall technique, while group B underwent cleft repair with the Millard rotation-advancement technique. Surgical outcome was assessed quantitatively according to anthropometric measurements, using a method described by Cutting and Dayan (2003) . Results: Our 48 enrolled subjects were evenly divided into the two surgery groups (n=24 for both group A and group B). Twenty-seven subjects were male (56.3%) and 21 were female (43.8%), making a sex ratio of 1.3:1. The Millard group showed a greater increase in postoperative horizontal length and vertical lip height and a greater reduction in nasal width and total nasal width. Meanwhile, the Tennison-Randall group showed better reduction of Cupid's-bow width and better philtral height.
; however, straight-line closures had the disadvantage of creating a vertical scar contracture, leading to notching of the lip 3, 4 . This led to the development of several methods in the mid-twentieth century that are grouped as quadrangular flaps, triangular flaps, and rotation-advancement techniques 1, 2 . Triangular flap techniques involve one or more back-cuts placed along the cleft side's medial lip philtral ridge and one or more lateral lip-element triangular advancement flap to fill in the resultant defect(s) as the medial lip element is rotated down. Tennison-Randall's triangular technique is the most widely used triangular technique due to its geometrical predictability and reliability and its consistency in decreasing vertical lip contraction, but it, along with other triangular techniques, was alleged to produce scars that violated the philtrum 5 . To improve this, the Millard rotation-advancement technique was developed with the goal of placing most of the scar along the natural philtral column 6 . Neverthe-
I. Introduction
Over the past century, there have been major advances in unilateral cleft-lip repair techniques toward the method's modern form 1 
II. Materials and Methods
This was a prospective randomized controlled study of treatment outcomes from surgical repair of UCL using either the Tennison-Randall or Millard technique at Lagos University Teaching Hospital (Lagos, Nigeria) between January 2013 and July 2014. A total of 48 subjects with UCL presenting for primary surgery who satisfied the "rule of 10" were recruited for the study. Subjects with bilateral cleft lip and those that underwent a previous initial cleft surgery were excluded from the study. This study was approved by the Research and Ethics Committee of the Lagos University Teaching Hospital (IRB no. 34512). Written informed consent was obtained from parents/guardians of subjects before study enrollment.
Using a balloting method, the subjects were then randomly allocated to one of two surgical techniques for repair: a box was filled with 48 sealed envelopes, which each had a folded piece of paper on which either "A" or "B" was written. There were 24 pieces of paper with "A" and 24 with "B." The subjects/guardians were asked to pick from the box and those that picked group A received the Tennison-Randall technique and those that picked group B received the Millard rotationadvancement technique.
The following data were recorded preoperatively on a proforma: age, sex, weight, height, and cleft type. Cleft lip and palate were classified according to Kernahan and Stark's classification 19 with modifications specified by the International Confederation for Plastic and Reconstructive Surgery in 1967 20 .
Preoperative evaluation
Routine preoperative blood investigations including haemoglobin estimation, electrolyte, urea, and creatinine levels, and electrocardiography were performed for each subject. Echocardiography was also performed when indicated. Subjects were referred to their pediatrician for clinical evaluation to rule out cardiovascular congenital anomalies, upper respiratory tract infection, ear infection, and other congenital anomalies that may be of clinical significance. Subjects were at least three months old, weighed at least 4.5 kg (10 pounds), and had a minimum haemoglobin concentration of 10 g/dL.
Preoperative photographs were taken for all subjects before the surgeries were performed. less, the technique has required several further modifications to the original rotation-advancement technique [6] [7] [8] . Measurement of treatment outcome is vital to evaluate the success of cleft management and the degree of improvement, especially in the present age of evidence-based medicine where treatment guidelines for best practice are becoming an integral part of contemporary clinical practice [10] [11] [12] . Many studies that compared cleft lip and palate surgical treatments have been performed and they include evaluation of dentofacial growth and development, facial appearance, speech, hearing, nasal breathing, quality of life, and patient satisfaction. However, these reports also indicate that there is lack of consensus on agreed methodology for assessing outcomes across various research centers 10, 13 . The methods described for assessment of nasolabial appearance can be broadly divided into qualitative and quantitative approaches. The latter aims to objectively analyze the extent of abnormal morphology and the degree of disproportion through facial measurements 14 . Qualitative methods are more subjective and tend to analyze facial aesthetics and appearance impairment using scales, indices, scoring systems, and rankings.
The evaluation tools employed by these methods can be grouped into the following categories: direct clinical assessment, clinical photographic evaluation, clinical videographic assessment, and three-dimensional evaluation 15 . Clinical photographic evaluation is generally quick, cheap, and easy 15 , and this evaluation method can be done qualitatively, as demonstrated by several studies 10, [16] [17] [18] . Few studies in Nigeria have attempted to document the surgical management outcomes for orofacial clefts 12 ; specifically, to the best of our knowledge, there are no studies from Nigeria that compare cleft-lip repair outcomes from two or more surgical techniques. The purpose of this study was to evaluate and compare the treatment outcome from surgical repair of UCL using either the Tennison-Randall or Millard techniques. We evaluated outcomes according to using preoperative and postoperative anthropometry measurements.
The following anthropometric measurements were taken. (Fig. 2, 3) 1) Preoperative: ① Vertical lip height on non-cleft side: measured from the ala base to the peak of Cupid's bow on the same side. ② Vertical lip height on cleft side: measured from the ala base on the cleft side to a point where the white roll begins to disappear. ③ Horizontal lip length on non-cleft side: measured from peak of Cupid's bow on the non-cleft side to the ipsilateral commissure of the mouth. ④ Horizontal lip length on cleft side: measured from where the white roll starts to fade out to the ipsilateral commissure. ⑤ Nasal width: measured from ala base to the midpoint of the columella for both sides. ⑥ Total nasal width: measured from the ala base on the cleft side to the ala base on the non-cleft side.
2) Postoperative (measurements taken three months after the surgery): ① Vertical lip height: measured from the ala base to the peak of Cupid's bow, for both the cleft and non-cleft sides. ② Horizontal lip length: measured from the peak of Cupid's bow to the commissure for both the cleft and non-cleft sides. ③ Nasal width: measured from the ala base to the midpoint of the columella for both the cleft and non-cleft sides. ④ Total nasal width: measured from the ala base on the cleft side to the ala base on the non-cleft side.
Operative procedures
Surgical repair was done under general anesthesia with endotracheal intubation by two consultant oral and maxillofacial surgeons with extensive experience in cleft lip and palate surgery. One of the surgeons exclusively performed Tennison-Randall's triangular technique, while the other exclusively performed Millard's rotation-advancement technique. Postoperatively, the subjects were reviewed weekly for two weeks, and then once every month for three months; the surgical-outcome evaluation was performed at the final thirdmonth follow-up.
Evaluation of surgical outcome
Quantitative assessments were performed on anthropometric measurements, as described by Cutting and Dayan 8 . Anthropometric measurements were recorded from a twodimensional full-frontal facial photograph of subjects taken with a digital camera (30× optical zoom, 16 MP, 2-720 mm wide angle, Canon PowerShot SX500 IS; Canon, Tokyo, Japan). Each measurement was taken three times by one of the authors (AMA), and the average of the three measurements was calculated. For standardization, each photograph was taken with the camera positioned 45 cm from the subject, with the interpupillary plane parallel to the floor (the subjects were positioned so that the lens of the camera was perpendicular to the interpupillary line). The photographs were then imported into Adobe Photoshop 7.0 software (Adobe Systems, Mountain view, CA, USA), for analysis.( 
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using Student's t-test. Additionally, the mean values of the measured variables in each group at the three-month postoperative period were compared with the control group's using Student's t-test (P<0.05).
III. Results
A total of 48 subjects requiring unilateral cleft-lip repair were enrolled in this study and their outcomes were analyzed. There were 24 subjects in both the Tennison-Randall (TR) group and the Millard group. Of the 48 subjects, 27 (56.3%) were male, and 21 (43.8%) were female (ratio=1.3:1). There were 12 (50.0%) males and 12 (50.0%) females (ratio=1:1) in the Millard group and there were 15 (62.5%) males and 9 (37.5%) females (ratio=1.7:1) in the TR group. There was no significant difference in the sex ratios between the TR and Millard groups (P=0.383).
Subject age at the time of lip repair ranged from 3 to 12 months. The majority of lip repairs was performed within 3 to 6 months for both surgery groups; Millard group, 21 (87.5%); TR group, 17 (70.8%). (Table 1 ) There was no statistically significant difference between the two groups (P=0.155).
Complete cleft of the lip, alveolus, and palate was the most common type of cleft deformity among the study subjects ⑤ Philtral height: measured from the peak of Cupid's bow to the midpoint of the columella for both the cleft and noncleft sides. ⑥ Cupid's-bow width: measured from the peak of Cupid's bow on one side to the peak on the other side.
Control subjects (anthropometric measurements)
Aged matched control subjects were recruited from the outpatient community health immunization clinic at the Lagos University Teaching Hospital.
Vertical lip height, horizontal lip length, nasal width, total nasal width, philtral height, and Cupid's-bow width were measured as defined above.
Data analyses
Data analyses were performed using the SPSS for Windows (ver. 17.0; SPSS Inc., Chicago, IL, USA). Means for each preoperative and postoperative variable were generated for each study group, and then the means were compared 1 statistically significant differences. (Table 3) 2. Comparison of pre-and postoperative lip and nasal width
Postoperatively, there was a significant increase in horizontal lip length and vertical lip height, as well as a significant decrease in nasal width in both surgical groups when compared with the preoperative measurements. (Table 4) 3. Comparison of postoperative anthropometry measurement of the cleft side versus the non-cleft side in the two surgical groups and the controls 1) TR group There were statistically significant differences between horizontal lip length and vertical lip height, nasal width, and philtral height of the cleft side and the non-cleft side (P<0.05). (Table 5) The mean postoperative vertical lip height of the TR group patients (15.42 mm) was slightly higher than that of the control group (15.38 mm), but not significantly so. However, there were significant statistical differences in the changes in philtral height (12.80 mm vs 11.87 mm), postoperative total nasal width (34.84 mm vs 30.28 mm), and Cupid's-bow width (11.58 mm vs 9.65 mm) when compared with the controls (P=0.001, P=0.001, and P<0.001, respectively). (Table 5) 2) Millard group We observed statistically significant differences between postoperative horizontal lip length, vertical lip height, nasal width, and philtral height on the cleft side and the non-cleft side (P<0.05). (Table 5) Postoperative vertical lip height, horizontal lip length, philtral height, Cupid's-bow width, and postoperative total nasal width, were all greater than those of the control. However, only changes in postoperative total nasal width and Cupid's-(21/48, 43.8%). There were more cleft deformities on the left side (33/48, 68.8%) than on the right side, (15/48, 31.3%; ratio=2.2:1). A higher number of males (27/48, 56.3%) presented with cleft lips compared with females (21/48, 43.8%; male-to-female ratio=1.3:1). There was no significant difference in the cleft-deformity types between the two groups (P=0.281). (Table 2) Four anthropometry comparisons were made across the TR and Millard groups: 1) Comparison of preoperative measurements of the cleft side verses the non-cleft side and the control, to know the impact of cleft deformity.
2) Comparison of postoperative and preoperative measurements of the cleft side, to know the effect of surgery.
3) Comparison of postoperative measurements of the cleft side versus the non-cleft side and the control, to assess surgical outcome.
4) Comparison of the surgical outcomes from the TennisonRandall and Millard techniques.
Comparison of preoperative anthropometry measurements of the cleft versus the non-cleft side and the control
The mean values of horizontal lip length, vertical lip height, and nasal width on the cleft side were lower than those of the non-cleft side and the controls. These comparisons indicate Values are presented as number only or number (%). Values are presented as number (%).
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IV. Discussion
Surgical treatment should be based on the best available clinical research to avoid ineffective and biased treatment schemes and to optimize outcomes 13, 21 . In this study, we evaluated cleft repair outcomes three months postoperatively. Our research was guided by the report that healing would be well advanced (i.e., at maturation/remodelling phase) by the 3rd month 22 . Studies have suggested that, during this maturation stage, collagen fiber remodeling is initiated, leading to attainment of optimal strength at the surgical site, thus determining the final quality of the residual scar by Clark 23 in 1996.
A three-month postoperative evaluation study was also done by Abdurrazaq et al. 12 and Amaratunga
24
, and both reported bow width were significantly different (P<0.001). (Table 5) 
Comparison of postoperative anthropometry variables of the repaired cleft in the Tennison-Randall and Millard groups
The Millard group experienced a greater increase in postoperative horizontal lip length and vertical lip height, and a greater reduction in nasal width and total nasal width than the TR group. Meanwhile, the TR group experienced a greater increase in philtral height and Cupid's-bow width. However, only postoperative horizontal and vertical lip heights were significantly different between the two groups (P=0.037 and P=0.026). (Table 6 ) Anthropometry and clinical examination are the best methods to evaluate repaired cleft lip and nose morphology 25 because it can quantitatively show the degree of deformity present. Most of the existing studies postoperatively evaluated lip morphology symmetry among UCL and palate patients. However, our study is unique in that we recorded pre-and postoperative anthropometric lip and nose measurements for all our UCL patients. Preoperatively, horizontal lip length, vertical lip height, and nostril width on the cleft side were compared with those on the non-cleft side, and then among those of the controls.
Our results showed that horizontal lip length and vertical lip height were shorter, and nostril width was wider in on the cleft sides than on the non-cleft sides, and compared with those of the control. This is consistent with findings by Chou et al. 17 that suggest that UCL patients have a lip tissue hypoplasia on the cleft side. Also, it has been suggested that cleft deformity reflects not only the varying extent of embryological failure, but is also the ultimate result of growth and development impairment 26 . Postoperative measurements of horizontal lip length, nostril width, vertical lip height, and philtral height on the cleft side showed marked improvements when compared to that of the non-cleft side. This indicates that surgical repair of a UCL is important and can provide hope to distressed parents and patients. Furthermore, our study demonstrates that repairs by both the TR and Millard techniques were effective. Our findings are consistent with those of Bilwatsch et al. 27 and Hakim et al.
18
, who independently evaluated Millard's and TennisonRandall techniques, respectively. Hakim et al. 18 performed postoperative digital anthropometry on 18 patients who received UCL repairs with rotation-advancement and they compared these to normal controls. They found that there were improvements in the lip and nasal measurements. Similarly, Bilwatsch et al. 27 reported improvements after repair with the Tennison-Randall technique. Comparisons of horizontal lip length, nostril width, vertical lip height, Cupid's bow, and philtral height of the cleft side between patients and controls were not significantly different. This might suggest that the non-cleft side is a poor control for the repaired cleft side, possibly due to a compensatory hypertrophy on the non-cleft side. Symmetry of the cleft side with the control but not with the non-cleft side has been reported in other studies 18, 28 . Consequently, it is now being speculated that the non-cleft side may not be an appropriate control for the cleft side 28 . Cupid's bow of repaired UCLs has been shown to be wider than in normal controls 11, 29 , but in our study, Cupid's bow in the TR group was more similar to those of the controls than the Millard group. Our findings thus agree with Bilwatsch et al. 27 , who reported that the TR technique preserved Cupid's bow by lowering the peak in the margin of the cleft. Those findings, however, stand in contrast with the study by Sameh et al. 30 , which concluded that the TR technique was less effective than the Millard technique in its ability to preserve Cupid's bow. This inconsistency might be because the Sameh et al. 30 evaluation was performed two and a half years postoperatively. Though postoperative vertical lip height in the TR group was better than that of Millard's group when compared with the control, it can be concluded that neither of these two techniques is significantly better when compared with controls 29 . The overall comparison of the outcomes from the two techniques using anthropometry showed statistically significant differences only in horizontal lip length and vertical lip height (P=0.037 and P=0.026, respectively). However, philtral height and Cupid's-bow width were better after TR, while horizontal lip length and total nasal width improved more after Millard's technique. This overall comparison was consistent with other studies that compared outcomes from Millard and TR repairs of UCLs 29, 31 in that there is no significant difference between the two techniques. The Tennison-Randall lip repair is one of the most widely used methods for primary reconstruction. A clear contribution of this technique to cleft surgery is the recognition of its superior ability to preserve Cupid's bow by lowering the peak in the margin of the cleft 27 . However, one limitation of the Tennison-Randall lip repair is that a scar results across the philtrum in its lower third and, thus, it tends to produce a lip that is too long vertically 29 . The Millard rotation-advancement technique, introduced in 1957, is the most widely used procedure for cleft-lip repair because it places most of the scar along the natural philtral border and is more flexible than geometric closure techniques. Furthermore, the Millard technique allows for complete muscular repair and minimizes discarding of normal tissue. Its disadvantages include the need for extensive undermining, risk of nostril stenosis on the cleft side and the potential to cause contraction with its consequent decrease in vertical lip height 2 .
V. Conclusion
Our study findings show no major difference in the overall results between the Tennison-Randall and Millard rotationadvancement repairs. Thus, either technique could be used for unilateral clefts, taking into consideration the strength and weakness of each technique. And, whichever repair is used, the end result is a function of individual preference, surgeon skill level, and the extent of cleft deformity.
